INTRODUCTION Visceral leishmaniasis (VL), caused by Leishmania donovani in South Asia and East Africa and L. infantum in Latin
America (where it is also known as L. chagasi ) and the Mediterranean basin, kills approximately 51,000 people every year, 1 with an estimated incidence of 500,000 new cases a year. 2, 3 About 90% of all cases worldwide are limited to five countries: India, Nepal, Bangladesh, Sudan, and Brazil.
In the poorest communities of these endemic countries, VL is a leading cause of illness [4] [5] [6] and economic distress to families. [7] [8] [9] [10] [11] [12] VL is often associated with malnutrition, which is also a symptom of more severe infection and a major risk factor for poorer clinical and treatment outcomes. [13] [14] [15] [16] [17] [18] [19] The precise mechanisms of the interaction between VL and malnutrition are not well-understood, 19, 20 partly because of limited epidemiological data on patient populations. 21 This lack of basic information on VL, particularly demographic and anthropometric data, hinders (1) the ability of health providers to properly prepare for patient management, (2) an informed drug procurement for disease control, and (3) the design of clinical trials and development of new drug therapies in the different endemic areas. When available, data often represents single health clinics or small populations.
Patients were diagnosed through clinical suspicion (fever and splenomegaly), and confirmation was made through diagnostic tests, either one or a combination of serology (direct agglutination test or rapid test) and bone marrow/ lymph node/spleen aspirate.
Demographics. For each location, we reported the male to female distribution and ratio as well as the percentage of women of reproductive age (15-42 years old) of the total VL patient population. Age, weight, and height were summarized by location and indicated as means with standard deviation (SD) as well as medians and associated interquartile ranges (IQR). We also calculated the percentage of the population < 5 and < 15 years of age to better understand the makeup of the childhood population.
Anthropometric and nutritional analysis. Calculations were done for the following three age groups: children under 5 years, children and adolescents between 5 and 19 years, and adults 19 years and older. For children under 5 years, we used the WHO Child Growth Standards 27 derived from the WHO Multicenter Growth Reference Study (MGRS) 28 to calculate the percentage of patients within each VL patient population that would be classified as (1) low weight for age (indicative of underweight), (2) low height for age (reflecting stunting and long-term restriction of a child's growth potential), and (3) low weight for height (an indicator of the level of wasting or acute malnutrition). The population health metric for underweight/stunting/wasting is calculated as the percentage of the population with weight for age, height for age, and weight for height more than −2 SD away from the WHO Child Growth Standards median. Severe underweight/stunting/wasting are defined as more than −3 SD away from the WHO Child Growth Standards median.
Growth reference data for assessing children and adolescents between 5 and 19 years of age are also available from the WHO. With these standards, we could calculate weight for age, height for age, and body mass index (BMI) for age. Values that are more than −2 and −3 SD away from the median of the growth reference data define underweight, stunting, and wasting (measured using BMI in this age cohort) and severe underweight, stunting, and wasting, respectively. 29 The standard definition of wasting by the WHO includes all individuals with edema (information that we do not have in our database). For adults 19 years or older, we assessed their nutritional status using international classifications of adult malnutrition according to the WHO Global Database on Body Mass Index.
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Data management and statistical analysis. Deidentified databases were received in the format of Excel spreadsheets. Databases were then cleaned, queried, and merged using STATA/MP version 11 (StataCorp Ltd., College Station, TX). The results of the nutritional status for children under the age of 5 years were computed in SAS system version 9.1.3 (SAS Institute, Cary, NC) using a macro provided free of cost by the WHO. 31 A similar macro, also from the WHO, was used to assess children and adolescents between 5 and 19 years of age. 32 For adults 19 years and older, we used the international classification of adult malnutrition according to BMI calculated in STATA.
Age, weight, height, BMI, and Z score data were compared between geographical locations. Because some of the parameters investigated are skewed, we calculated Z scores to standardize the data with regard to a reference WHO population. The analyses were also repeated using a non-parametric test. The one-way analysis of variance (ANOVA) applied to ranks is equivalent to the Kruskal-Wallis k-sample test, but it generates F -test values that are often better than the approximation used by the Kruskal-Wallis test. This test can be extended to other rank scores. 33 Savage scores are powerful for comparing scale differences in exponential distributions or location shifts in extreme value distributions. 34 Therefore, savage scores were calculated, and the parametric test was carried out with a general linear model, allowing for a post-hoc comparison of marginal means with a Tukey adjustment for multiplicity. Because results were similar, only Z scores are presented here.
Ethics. Only completely deidentified data were received. The Institutional Review Board at the University of Pennsylvania approved the collection and analysis of the deidentified data described within. 
RESULTS
The male to female distribution by location is shown in Table 1 . In all locations, there were more males than females, with an overall ratio of 60 to 40. Anthropometric measurements were available for most patients ( Table 2 ) , although information about some patients was missing regarding age ( N = 151), gender ( N = 176), weight ( N = 506), or height ( N = 6,539). The populations' distribution of age ( Figure 2 and Table 2 ), weight ( Figure 3 and Table 2 ), and height ( We compared the age distribution, using means and SD, in each population and found that age was significantly higher in Bihar and Nepal than in the Pokot region, Sudan, and Brazil ( P < 0.0001), significantly higher in Nepal than in Bihar ( P < 0.01), and significantly lower in Gedaref and higher in Upper Nile/Southern Sudan than in Pokot ( P < 0.0001). We also compared the distribution of weights and found that the weight was significantly higher in Nepal than in Bihar, and both were higher than in Pokot, Sudan, and Brazil ( P < 0.0001), not different in Pokot and Upper Nile/Southern Sudan from those in Brazil, significantly lower in Gedaref than in Pokot ( P < 0.0001), and significantly higher in Upper Nile/Southern Sudan than in Gedaref ( P < 0.0001). Height was not included in the databases from the providers of one site in India (Banaras Hindu University) and the Pokot region. Height was significantly higher in Bihar, Nepal, Gedaref, and Upper Nile/Southern Sudan than in Brazil ( P < 0.0001), significantly higher in Nepal than in Bihar ( P < 0.0001), and significantly higher in Upper Nile/Southern Sudan than in Gedaref ( P < 0.0001).
Nutritional status for the three age categories is presented in Tables 3 -5 . In a well-nourished population, there are almost no children characterized as more than −3 or −2 SD ( Z scores) away from the median. Moderate to severe malnutrition was observed across all locations in our database, although the percentage varied considerably across each VL patient Note that values not equal to 100% are because of missing data. ( Table 3 ) , the weight for height (the main indicator for this age group representing acute wasting) and height for age (representing non-optimal or stunted growth) were significantly lower ( P < 0.01) in Bihar, Nepal, Gedaref, and Upper Nile/Southern Sudan than in Brazil and significantly lower in Upper Nile/Southern Sudan than in Gedaref ( P < 0.0001). The weight for age was significantly lower in Bihar, Nepal, Pokot, Gedaref, and Upper Nile/Southern Sudan than in Brazil ( P < 0.0001). The weight for age Z score was not different between Gedaref, Upper Nile/Southern Sudan, and the Pokot region. For children and adolescents aged between 5 and 19 years ( Table 4 ) , we found the same trends for weight for age ( P < 0.0001) and height for age ( P < 0.0001). BMI for age, the main indicator of health status for this age group, followed the same general trend. The BMI for age was significantly lower in Bihar, Nepal, Gedaref, and Upper Nile/Southern Sudan than in Brazil ( P < 0.0001), significantly lower in Nepal than in Bihar ( P < 0.01), and significantly higher in Upper Nile/Southern Sudan than in Gedaref ( P < 0.0001). Adult nutritional status (> 19 years of age) assessed by BMI followed a similar trend ( Table 5 ) . BMI was significantly lower in Bihar, Nepal, Gedaref, and Upper Nile/Southern Sudan than in Brazil ( P < 0.0001), significantly lower in Nepal than in Bihar ( P < 0.01), and significantly higher in Upper Nile/Southern Sudan than in Gedaref ( P < 0.01).
DISCUSSION
This information is useful for designing and developing drugs and drug formulations as well as for optimizing their use. In malaria, demographic and anthropometric information has been used to calculate the optimal tablet strengths for artesunate-amodiaquine fixed-dose coformulation 35 and inform dosing recommendations by the WHO. 36 However, although there are clearly important differences between geographically different populations of patients, in any one area, the cross-section defined may change over time with the stage of the outbreak, distribution of care, and influence of drugs on the parasite.
A methodological challenge emerges in the calculation and interpretation of our findings, particularly around nutritional status. First, these calculations represent a cross-sectional analysis of patient data across varying time periods from 1997 to 2009. As such, the nutritional status of the different VL patient populations may vary according to seasonal and/ or other external factors such as conflict or famine. Perhaps, the most central challenge is the lack of appropriate locally tailored reference populations from which we are able to compare our VL patient populations to truly know if our patients differ substantially. In our search of the literature for statistical models to adjust for this limitation, we found articles that draw into question the WHO standards for overweight populations in Asia. 37 However, we only found one paper that proposed a statistical model to develop regional-or nationalgrowth distributions from mixed data sources and countries in less-developed settings, where VL is endemic, that could be used to assess malnutrition/stunting/wasting. 38 This study, however, used a mixture of public and private data and was only limited to Asian countries. The data to develop the reference distributions to compare our African and Brazilian VL patient populations are not readily available. The use of Demographic Health Survey data is also limited, because the Sudanese patient population would remain incomparable. As such, although we recognize that the WHO standards are not fully optimal to assess all VL patient populations (such as the Nilotic population in the southern part of Sudan), we are limited by data availability to develop better standards. Because the surveys necessary to develop locally tailored data are not readily available, we use the WHO standards in our analysis. A further limitation is that there are many patients for whom we are missing data for height. Although this tended to be siteor clinic-specific, there is a possibility that there is a structure or pattern in the missing height data that, if available, may result in different nutritional breakdowns.
The countries contributing to this study constitute about 90% of the world's burden of VL, but they are not represented in the database according to their relative disease burdens. For instance, Southern Sudan, with 12,795 patients in the database, corresponds to 43% of the total, whereas India only contributes 14% but actually represents approximately 2.5% and 66% of the total number of VL cases occurring yearly, respectively. 3 Nonetheless, this database represents a crosssectional picture of a number of VL patient populations in these settings; it is large, uses routine data, and is without the selection bias of patients enrolled in clinical trials.
Our data show some important points about affected populations in VL-endemic areas. We found significant differences across countries in population structure (as represented by age and sex distribution) and nutritional status. These differences are probably best explained by an interplay of social, economic, demographic (e.g., each country and region is in a different stage of the demographic transition), host, and parasite factors. More male than female patients presented to the clinics at all locations. The male to female ratio varied across sites from 1.2 (Upper Nile/Southern Sudan) to 2.2 (Pokot region). This has been reported previously. 19, 20, [22] [23] [24] [25] It is unclear whether this is because of factors such as increased exposure, vulnerability, or health-seeking behavior (it is possible that male patients are more likely to present to health centers for care) and how these factors vary in the different epidemiological and cultural settings. Populations were younger in Latin America than in Africa and South Asia. In addition to the population demographics, access to health services, exposure to risk factors, parasite species, and transmission patterns might also play a role in these age, weight, and nutritional profiles. The bimodal distributions that we observe are puzzling; they likely reflect either different exposure level throughout life or different health-seeking behaviors. A better understanding of these parasite, human, and social components is central to developing and targeting interventions for VL. 20, 39 Women of reproductive age (15-42 years of age) constitute variable proportions of the total VL patient populations (from 6.2% in Brazil to 26.3% in Nepal). This information is important for selecting an appropriate treatment and riskmonitoring strategy to protect this vulnerable and underresearched group. In particular, wide-scale deployment of miltefosine in the Indian subcontinent in the context of the VL elimination program must consider the practicalities, feasibility, and costs of ensuring contraception for a very large proportion of patients. In situations where contraception is not feasible, appropriate alternative regimens must be considered. Therefore, areas with high proportions of women of reproductive age should carefully consider the place of miltefosinebased regimens in their treatment protocols.
Severe malnutrition is frequent not only in South Asia but also in East Africa, but it is uncommon in Brazil. Severe underweight, stunting, and wasting (acute malnutrition) are present across all ages. For instance, severe underweight (low weight for age) was extremely common in Nepalese and Indian children under 5 years (44-46%) but also in Sudan (30-33%). In Nepal, India, and Gedaref, 25-38% children have severe stunting (low height for age). Acute malnutrition (low weight for height) was most common in Southern Sudan (39%) and Nepal (28%). Data on older children, adolescents, and adults follow a similar pattern.
Malnutrition and VL are interconnected health problems. It is difficult to evaluate to what extent malnutrition is either a risk factor or the result of VL. Regardless of the causes of malnutrition (and our inadequate grasp thereof), malnutrition has an important effect on patients', outcome and hence, program planning. Therefore, documenting malnutrition is important. Ideally, both preventive nutritional programs for the general population as well as supplementary and therapeutic feeding interventions for VL patients should be in place in VL-endemic areas. Nutritional interventions for VL have long been integrated within the treatment centers of MSF in an effort to improve treatment outcomes. An example of other possible ways to improve integration might include the supplementation of nutritional interventions (e.g., vitamin A) to mass distribution programs of fine-mesh impregnated bed nets against VL. 40 Nutrition should be adequately addressed in the public sector as well. Also, it cannot be excluded that vulnerability to infection and consequent impact of anthropometrics (nutritional status) may also differ because of parasite differences in each region. This is a hypothesis that deserves further investigation.
Because all current drug therapies are dosed on the basis of bodyweight and may have use restrictions depending on age and gender (e.g., miltefosine in women of reproductive age), the combination of different parasite and population characteristics may lend to different treatment strategies and drug needs in different locations. 41, 42 Recently, a campaign to eliminate VL in the Indian subcontinent has begun. With increasing access to therapy, local anthropometric data are integral to preparing and sustaining these efforts. These data can inform drug procurement, including direct and indirect costs such as those related to injectable devices and female contraception. At present, the demand for VL drugs is limited, and therefore, production is irregular and can face long delays. 43 This patient database allows the calculation of population-tailored drug costs and volumes in addition to more precise estimations of demand (and hence, negotiated prices) at both national and international levels. Such data are integral to preparing and sustaining drug delivery efforts as elimination campaigns evolve.
These results should be interpreted in light of the different stages of the demographic transition of these countries, which is more advanced in Brazil, India, and Nepal than in sub-Saharan Africa. In spite of its limitations, this database represents a clear step in the positive direction of systematically collecting and sharing data that can inform both policy makers and drug development initiatives. We eagerly seek to expand this working database to refine our knowledge of these and other endemic VL populations. As such, we welcome correspondence from any readers regarding collaboration to refine and expand this database and to assist in their own related programs.
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